which can be rewritten as δ 17 O + 1 (δ 18 O + 1) λ − 1 = 0.
The deviation from this mass-dependent relation is the basis for the 'exponential def- 
which can be rewritten as ln(δ 17 O + 1) − λ · ln(δ 18 O + 1) = 0.
The deviation from this mass-dependent relation is the 'logarithmic definition' ∆ 17 O log that we use consistently in our study and is used by the majority of the recent studies on ∆ 17 O in CO 2 [e.g. Hofmann et al., 2017] ∆ 17 O log = ln(δ 17 O + 1) − λ · ln(δ 18 O + 1).
The right-hand side of this equation can be approximated by using the Taylor series expansion for ln(x+1) ≈ x (for x close to 0), which results in the 'linear definition' ∆ 
We can rewrite this result further using Eq. (S6), to arrive at a conversion relation between the 'logarithmic definition' and 'exponential definition' for
where the approximation is again based on the Taylor series expansion of ln(x + 1) ≈ Several updates were made in the latest model version (r5558) with respect to a previous version (r5337) that was described by Schneider [2015] and that was used in the study by Hofmann et al. [2017] Table S1 . For a more detailed description of the latest model implementation (r5558), the reader is referred to Sect. 2 of the main text.
S3 Derivation of N 2 O Detrending Method
Here we give the derivation for our N 2 O detrending method, which is a modification of the detrending method described by Assonov et al. [2013] 
We want the observation-specific growth rate α * to satisfy the following two properties
(1) that α * scales linearly with the detrended mole fraction X dtd (such that the growth rate for N 2 O at the 100 ppb level is 3 times lower than at the 300 ppb level) and (2) that for Mauna Loa the growth rate α * is equal to the growth rate α ref from Assonov et al. [2013] . These desired properties are satisfied if we calculate the observation-specific growth rate α * according to
where X ref = 320.84 ppb is the observed mole fraction at Mauna Loa for the reference date [Assonov et al., 2013] . Inserting the expression for α * from Eq. (S13) into Eq. (S12) yields
which can be rewritten as 
where, α leaf is the fractionation factor of C 18 OO relative to CO 2 for diffusion through the leaf stomate. Similarly, the fractionation in δ 17 O during diffusion from the atmosphere into the leaf stomata is given by
where λ kinetic is the exponent that relates the fractionation of the isotopologue C 17 OO to the fractionation of the isotopologue C 18 OO. Next, we insert Eqs. (S19) and (S18) for δ 17 O and δ 18 O into Eq. (S17) to arrive at
which can be rewritten as
We can rewrite this by using the definition of ∆ 17 O A from Eq. (S16) to arrive at
The fractionation of ∆ 17 O for other processes (e.g. evaporation or condensation) can be described by similar equations. Note that if the chosen reference line λ RL is equal to the fractionation exponent for a given process, then this process will not affect the ∆ 17 O signature (if we take λ RL = λ kinetic , then the ∆ 17 O signature of CO 2 will be unaffected by diffusion through stomata, which follows directly from Eq. (S22)).
S5 Derivation of ∆ 17 O Source Signatures for Atmosphere-Leaf Exchange
In this section we derive the ∆ 17 O source signature for atmosphere-leaf exchange as given in Eqs. (12)- (14) of the main text. We start the derivation from Eq. (4.12) in 
This equation can be rewritten in the general form of a source signature minus the atmospheric signature, multiplied by the CO 2 flux (this form was also used in Eq. (4.3)
of Hofmann et al. [2017] for the other contributions to the ∆ 17 O in CO 2 budget).
Combining Eqs. (S24) and (S25) results in the following sources signatures
These expressions are identical to Eqs. (12)- (14) given in the main text, thus showing the equivalence of the isotope discrimination due to assimilation used by Hofmann et al.
[2017] and the source signatures for atmosphere-leaf exchange used in the main text. Table S1 : Overview of the differences between the version of the model (r5558) that is described in the main text and a previous model version (r5337) that was described by Schneider [2015] .
S15

Model version r5558
Model version r5337 
Atmospheric CO
The production of CO 2 and C 17 OO from atmospheric CO oxidation is calculated using CO isotopologue fields from Gromov
[2013] and OH fields from Spivakovsky et al. [2000] . The user can decide not to include the effects of CO oxidation (this was done for our BASE simulation) or to include the effects based on the enrichments CO+OH measured by Röckmann et al. [1998] or those reported by Feilberg et al. [2002 Feilberg et al. [ , 2005 . More details are given in Sect. 2.4 of the main text.
Not included. 
